The activity of the enzyme adenylate cyclase, a component of the plasma membrane, has been determined in chick-embryo fibroblasts and in cells transformed by either Bryan high-titer strain of Rous sarcoma virus (RSV-BH) or a temperature-sensitive mutant of this virus (RSV-BH-Ta Many aspects of the behavior of cultured fibroblasts are controlled by the intracellular concentration of cyclic AMP (1). This nucleotide regulates growth rate (1-5), saturation density (5), morphology (5-7), adhesiveness to substratum (8), motility (9), and the synthesis of mucopolysaccharides (10) and collagen (11). Several types of transformed embryonic fibroblasts have been found to have low amounts of cyclic AMP when compared with normal cells (4, (12) (13) (14) (15) . The abnormal morphology, rapid growth rate, decreased adhesiveness and mucopolysaccharide synthesis, and increased agglutinability of these transformed cells can be reverted toward those of normal cells when the transformed cells are treated with N8,02'-dibutyryl (Bu2) cAMP or agents that raise cyclic AMP content (1, 6, 7, 16) . The above findings suggest that many properties of transformed cells are due to low cyclic AMP content. Therefore, it seems very likely that an alteration in cyclic AMP metabolism plays a causative role in the transformation process.
one at the catalytic site and a second at a regulatory site. Transformation by RSV-BH or RSV-BH-Ta (37°) apparently alters this second Mg++ site. A decrease in adenylate cyclase activity occurs within 10 min after cells infected with RSV-BH-Ta are shifted from 420 to 370; the activity falls to one-half that of normal cells 30 min after the temperature shift. Our observations indicate that a viral function lowers cyclic AMP content by lowering the activity of adenylate cyclase, probably through some modification of the plasma membrane.
Many aspects of the behavior of cultured fibroblasts are controlled by the intracellular concentration of cyclic AMP (1) . This nucleotide regulates growth rate (1) (2) (3) (4) (5) , saturation density (5), morphology (5-7), adhesiveness to substratum (8) , motility (9) , and the synthesis of mucopolysaccharides (10) and collagen (11) . Several types of transformed embryonic fibroblasts have been found to have low amounts of cyclic AMP when compared with normal cells (4, (12) (13) (14) (15) . The abnormal morphology, rapid growth rate, decreased adhesiveness and mucopolysaccharide synthesis, and increased agglutinability of these transformed cells can be reverted toward those of normal cells when the transformed cells are treated with N8,02'-dibutyryl (Bu2) cAMP or agents that raise cyclic AMP content (1, 6, 7, 16) . The above findings suggest that many properties of transformed cells are due to low cyclic AMP content. Therefore, it seems very likely that an alteration in cyclic AMP metabolism plays a causative role in the transformation process.
Chick-embryo fibroblasts (CEF) are rapidly transformed when infected with the Bryan high-titrer stain of Rous sar- ATP and Mg++ used. The pH optimum of the enzyme from both normal and transformed cells is 7.8, with or without F-( Fig. 1C and D) . Therefore all other studies were performed at pH 7.8.
Effect of RSV Transformation on Adenylate Cyclase Activity. Normal fibroblasts have the same enzyme activity whether grown at 370 or 420 (Table 1) . Cells infected with the wildtype virus have low enzyme activity when grown at either 370 or 420 and assayed at low concentration of ATP (0.2 mM), but have activity as high as that of normal cells when assayed at high concentration of ATP (3.2 mM). Finally, when the cells transformed with RSV-BH-Ta were grown at 42°, the adenylate cyclase activity was similar to that in normal cells. Only when the RSV-BH-Ta-infected cells were grown at 370 was the adenylate cyclase activity low, and it was low when measured at either 0.2 or 3.2 mM ATP. The decrease in activity observed at high ATP concentration with RSV-BH-Ta infection is apparently due to substrate inhibition (Fig. 2C) .
Effect of ATP Concentration. The fact that major differences in the adenylate cyclase activity of normal and transformed cells were only observed at low ATP concentrations suggested the affinity of the enzyme for ATP was altered. The results of studies with cells grown either at 370 or 42°are presented in Fig. 2A , B, and C. Normal Michaelis-Menten kinetics are observed in all cases except when the RSV-BH-Ta-infected cells are grown at 370 where pronounced substrate inhibition is observed.
The calculated apparent Km (ATP) for each cell type is given in Table 2 . Whether grown at 420 or 370, chick-embryo fibroblasts have a much greater affinity for ATP [Km (ATP) about 0.23 mM] than do cells transformed with RSV-BH [Km (ATP) about 1.1 mM]. The growth temperature has a large effect on the activity of the enzyme from the RSV-BHTa-infected cells. When grown at 420 (untransformed), the enzyme has a Km ATP = 0.28 mM, similar to that of normal cells. But when grown at 370, these cells exhibit a Km ATP = 0.67 mM; this value is altered by the pronounced substrate inhibition observed. NaF at a concentration of 10 mM alleviates the inhibition to give a linear plot with a Km (ATP) = 1.03 mM (Table 2) , a value close to that of wild-type RSV-infected cells. NaF (10 mM) has no effect on the Km (ATP) of normal cells. (22) .
Effect of Magnesium Concentration. Fig. 3 depicts the effect of Mg++ concentration on adenylate cyclase activity of normal and transformed cells. The activity of the enzyme from uninfected cells increases with increasing concentrations of Mg++ through 20 mM; in some studies Mg++ is not saturating at 40 mM (Fig. 3A) . However, the enzyme from RSV-BH-infected cells grown at 370 or 420 is saturated at 4-6 mM Mg++ at 0.2 mM ATP (Fig. 3B ) and 6-10 mM Mg++ at 1.0 mM ATP (data not shown). The adenylate cyclase from RSV-BH-Ta-infected cells grown at 42°, like the enzyme from uninfected cells, is not saturated by 20-40 mM Mg++ at either 0.2 mM ATP (Fig. 3C ) or 1.0 mM ATP. In contrast, the enzyme from RSV-BH-Ta-transformed cells grown at 370 is saturated at 6 mM Mg++ and higher amounts are inhibitory (Fig. 3C) cy6lase activity within 10 min after the temperature shift, a Adenylate cyclase is an integral component of the plasma membrane of chick cells and mammalian cells (23) . We propose that transformation produces changes in a plasma membrane component that results in decreased adenylate cyclase activity followed by a fall in cyclic AMP content. Since cyclic AMP phosphodiesterase also regulates cyclic AMP content, changes in this enzyme also could lower cyclic AMP concentrations. The low cyclic AMP concentrations lead to various cellular alterations, which can be corrected by treatment of cells with Bu2cAMP or by elevation of their cyclic AMP levels by other means.
Transformation produces several chemical changes in the plasma membrane. Perdue et al. (24) reported changes in the neutral sugar and sialic acid content of membranes from chick cells infected with avian sarcoma virus and leukosis virus. RSV-infected BHK 21/C13 cells incorporated fucose into a higher molecular weight glycopeptide fraction than did the uninfected cells (25) . Viral transformation also decreased the sialic acid content and altered the glycolipid and glycoprotein composition-of plasma membranes (26) (27) (28) (29) (30) (31) . Adenylate cyclase exists in the membrane in intimate association with proteins and lipids. Thus, any of these alterations could be the cause of decreased adenylate cyclase activity.
Several investigators have measured the activity of adenylate cyclase in normal and transformed cells, but no clear-cut pattern has emerged. Burk (1) 50% decrease within 60 min, and a further decrease for up to 4 hr (Fig. 4) . With uninfected cells, no change in adenylate cyclase activity was observed.
DISCUSSION
In this paper we have shown that the activity of the enzyme adenylate cyclase is decreased in CEF transformed by wildtype RSV-BH and also by a temperature-sensitive mutant of the virus when the cells are grown at the permissive temperature. Cells transformed by the wild-type virus were studied within a few weeks of transformation. However, with cells transformed with the temperature-sensitive mutant, adenylate cyclase activity decreased as soon as 10 min after a temperature shift. This rapid change clearly shows that the alteration in adenylate cyclase activity is a consequence of the transformation event and not due to prolonged growth of cells in culture. (1978) cyclase activity (33) . Further contradiction was found -in studies with rat hepatomas where the content of adenylate cyclase was found to be greater than normal (34 Fig. 3 show that the enzyme from untransformed cells is not saturated until the Mg++ concentration reaches 20-40 mM, whereas the enzyme from RSV-BH-infected cells as well as from RSV-BH-Ta-infected cells grown at 370 is saturated at 4-6 mM Mg++.
The results of the Mg++ concentration studies with the normal chick-embryo fibroblasts are in agreement with studies on other cell types (35) (36) (37) In cells infected with RSV-BH-Ta the rapid changes in morphology, cyclic AMP concentration, and adenylate cyclase activity after the temperature shift to 37°implicate a temperature-sensitive viral product to be directly responsible for these alterations. Bader (19) has suggested that the temperature-sensitive "transforming factor(s)" is a viral protein(s), since inhibitors of DNA, RNA, or protein synthesis do not affect the transformation resulting from the temperature shift.
An important result of our study is that by measuring adenylate cyclase activity we have an enzymatic assay for the "transformation" factor. Presumably this factor increases Km ATP of adenylate cyclase and inactivates the Mg++ activation site.
